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1) Caculate the standoff distance for the magnetopause for the conditions encountered
during shocks, or periods of high speed solar wind:

v=8x10° m/s, n = 25x10° m™

16

( r ) _ ( 4BZ ]% ~ 4x(3x10°%)°
Ro ), \ 2pnmv? | (87x107)(25x107)(167x10°7)(8x10°)’

= 6.1

2) What isthe co-rotation electric field? In cylindrical coordinates we have:

U= wr$, B= B{%f(—é),

where U is the streaming, or drift velocity.

The frozen-in-field condition gives. E= -UxB
ExB

This velocity will solve the drift relation: U =

82

. The proof is given here:

ExB (UxB )xB

0: BZ = - BZ
_U(BOB) B(UOB)
- B2 B?

the latter step isavector identity. Thefirst
termisjust U, the second is zero since
ULlB.
Now

E = -UxB

corotation

= wré xBO(R%T(é) CLE

r

Corotation Electric Field (milliVolts/meter)

o

PH2514 — Chapter 5 — Problem 2

e wRe By

LQ

Using B,= 30.00 uT

4
L (Earth Radii)

3) Calculate the invariant latitudes correspondingto L =4 and L = 6.6

cos A, =

T;

4 05 60°
L = COS A, = A, =
6.6 0.39 67°

R. C. Olsen, Naval Postgraduate School

page 1




PH2514 Chapter 5 2/28/2001

3 ﬁj“
4) n(em?®)= 100( 3
L 2 3 4 5 6 7 8 9 10

n| 2563 | 506 160 66 31.6 17.1 100 | 6.25 | 4.10

RAIRDEN ET AL.: GEOCORONAL IMAGING WITH DYNAMICS EXPLORER

T T T T T T T T

=== T

L

CHAMBERLAIN MODEL EXOSPHERE DENSITY
--- T=900K, N, = 70,000 CM>
—— T:1050,K, N = 44,000 CM™>
— — T:1200K, Ng: 31,000 cM3
All models 1 = 1.08 Re, fes =30 g

ATOMIC HYDROGEN DENSITY, CM‘B

a’oiwrwl! NS B RS 'H‘If/_—
K)_;lklt 1 JAI' 1 \ll[ 1 l\ll 1

GEQCENTRIC RADIAL DISTANCE, Re

Exospheric hydrogen density versus radial distance for the Chamberlain models of Figure 5. The model ai
temperature T = 1050 K provides the best fit to the DE 1 geocoronal obe=rvations.

5. Solve the problem at the magnetic equator: A, =0

B . .. BxVB 3. . 32
Vp = K, BxVB ; VB:-EBgS r (/120):-§B r; 5 = — O XTr=—0¢
qB B? rr r B* |, T r
vD = _§&A
r qB

Vp| = 3Ky 3 (KK Here, thetermﬁcan be taken as the energy in eV
" rogB LRyl q)qB q

|V|=§ﬁ= 3 (K, L _ 3L [K_j
°° " rgB LRyl q /B, ReB,( q

K
R,=6.37 x10°m, B,= 3 x10° T, L=3, ?lzlo6 eV

Vo| = s o3 10° = —2 10° = 141x10° r%

6.37 x10° ®3 x10° 6.37

Compare this to the thermal velocity for a proton..

3.2x107%

o =138x10" ... much larger than the drift speed
167x107%
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6) Estimate the density for ring current ionsat L = 3.
we have from the problem statement...
flux = 3x10" $ = nv. From above, we have athermal velocity of
m° s

_ 7m i ; - ion
v=138x10 A Dividing out gives n=2.2x10* %3

about 6 orders of magnitude down from the background, 0.5 eV, plasmasphereions, or
even the 0.1 eV neutral hydrogen.

7) Estimate the ring current which must result from the above density, and drift velocity.

- nv= ion — ° ion
flux = nv=2.2x10* %n?,o141><10'5 M= 31x10 (o

. _ i -10 Amperes
current density = gnv= 16x107°.+ 31x10° IO%Z ¢ = 49x10 10 AMp A )

| = JA = 49%x107.(637 ><106)2 =2x10* Amperes

Compare thisto the current necessary to produce a 100 nT change in B, assuming a
current loop. From Halliday and Resnick (page 863)

. 4
= Ho! _orx107 Lof 6.6x10™ Tesla= 0.6 nano- Teda
2R 3¢6.37x10
8 ¢E®d =- a0,
,dB rdB_ 20x10° 107

E®27 r=-71"—=E =- ——
dt 2 dt 2 100 to 1000

=-10"° t010? Voltdmeter
If this field extends al the way around (10° m), the total potential
around the earth is 0.1 to 1 million volts
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9) We have two equations to consider, from chapters 4 and 5 respectively

V1+3sin?’A  B,vY1+3sin®A

B = B,R: = n4.5
(O} r3 (r/R®)3 (eq )

B, 4 - 3cos’ 1
B=—2 L n5.21

L3 cos® 4., (e )
Thelatter istheoneto use... Take: B, = 3.0 x 10° , athough it will factor out...
L=5A=0,45

5 4 - 3cof A \4 - 3c08 A
- >0x10 €S 4m ~ 24 % 107 €S Am

5° cos’ 4, cos® A,
1 An=0
B=24x10"{/2-3.05 U s 2ax107 {100 An=0 {24 x 107 4,=0
| % Am=45 1265 1,=45 304 x 107 2,=45

The mirror formulais

. 2 . 2 . 2 . 2
Srle) 1 (0)_ 0] S0, 81
m m m "
s n(acritioal ) = 356 = Ugijea =1633

particles with pitch angles larger than this will mirror before reaching 45degrees magnetic
latitude.

11. Calculate the energies for which the corotation electric field induced drift velocity
U= wr ¢, equasthe VB drift velocity, for protonsat L = 3, and L = 6.6. For simplicity,
work in the equatorial plane, and look only at the grad-B drift.

Start with: [V, |= §&=|LﬁJcormion =or
r gB
2
3K o =K, = wrel®_ 2B
r gB 31 3
o or’B w(LeR.)’ B oR2 B
KJ_= q B:q_%: g%: ~ E ~os
3 3 L 3 L 3 L
277 03.1x10° o (6.38x10° )’ 0
-q ( ) 1_97910° _4,35600
386400 L L 259200 L
K (Joules
Kl(eV)zl(—JZEOSOGOO
1.6x10 L

s0-10.2keV atL =3, 46keV aL =6.6
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